13 14 A number of insects fly over long distances below the natural canopy where the physical 15 environment is highly cluttered consisting of obstacles of varying shape, size and 16 texture. While navigating within such environments animals need to perceive and 17 disambiguate environmental features that might obstruct their flight. The most 18 elemental aspect of aerial navigation through such environments is gap identification 19 and passability evaluation. We used bumblebees to seek insights into the mechanisms 20 used for gap identification when confronted with an obstacle in their flight path and 21 behavioral compensations employed to assess gap properties. Initially, bumblebee 22 33 the gap, in our case, indicated by the optic flow contrast between the region within the 34 gap and on the obstacle, which increases with decreasing distance between the gap and 35 the background wall. As the optic flow contrast decreased the bees spent increasing 36 time moving laterally across the obstacles. During these repeated lateral maneuvers the 37 bees are likely assessing gap geometry and passability. 38 39 40 65 and path planning. For long distance navigation, flying insects might use, apart from 66 vision, other sensory modalities such as odor and geomagnetic fields (Knaden and 67 Graham, 2016) In order for a flying animal to arrive at its intended destination or ensure 68 safe locomotion, at a basic level, the animal needs to process the obstacles that lie in its 69 path and identify gaps. Obstacle and gap detection may thus be considered the most 70
foragers were trained to fly though an unobstructed flight tunnel that led to a foraging 23 chamber. After the bees were familiar with this situation, we placed a wall containing a 24 gap that unexpectedly obstructed the flight path on a return trip to the hive. The flight 25 trajectories of the bees as they approached the obstacle wall and traversed the gap were 26 analyzed in order to evaluate their behavior as a function of the distance between the 27 gap and a background wall that was placed behind the gap. Bumblebees initially 
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The mean longitudinal velocity of the bees was significantly lower when the distance 251 between the gap and rear wall was <150mm (d = 150mm p = 0.043, d = 60mm p = 0.029 252 & d = 0mm p = 0.0068). When d > 150mm the longitudinal velocity was lower but not 253 statistically significant, d = 300mm p =0.068 & d = 550mm p = 0.075. For the d = 550, 254 300 and 150mm the flight speed of the bees was significant reduced when they were 255 <225mm to the gap compared to when they were <375mm (d = 550mm p = 0.022, d = 256 300mm p = 0.046 and d = 150mm p = 0.013), Fig.  2a . When the bees where <150mm to 257 the gap there was a monotonic reduction in their mean speed with decreasing distances 258 between the gap and rear wall (F(4,95) = 3.18, p = 0.02). 259 260 For all experiment conditions, the mean absolute lateral speed of the bees was small but 261 existent at large distances to the gap (>225mm) and monotonically increased as they 262 approached the gap, see increased their lateral speed as they neared the gap (Fig. 2) . The bees also increased 414 both lateral displacement and speed significantly as the distance between the gap and 415 rear wall was decreased (Figs. 2 & 3) . The total accelerations during these lateral 416 maneuvers are higher closer to the gap and mainly oriented normal to the body long 417 axis (Fig. 3) . In such cases, the bees are "side slipping" performed by rolling their body to Distance between gap and rear wall
